the complex that directs the production of small nuclear protein produced would lack most of the vertebratespecific TBP N terminus. This mutation did not disrupt RNAs (snRNAs) by either Pol II or Pol III (Hernandez, 1993) . basal transcription functions or basal cell physiology. Rather, mouse cells and embryos bearing this mutation In addition to the 180 amino acid core, TBP acquired a large N-terminal domain in an ancestor to tetrapod were normal by nearly all parameters, and the embryos could, occasionally, develop into adult mice. Imporvertebrates (Hashimoto et al., 1992) . This novel domain represents yet another complexity added to the basal tantly, however, most mutants died in midgestation from a placental defect. These mutant fetuses could be restranscription machinery during evolution. We hypothesized that the TBP N terminus might play a role in vertecued by supplying them with a wild-type placenta.
In this paper, we show that most tbp ⌬N/⌬N fetuses surbrate-specific gene regulation. To test this, we designed a mutant allele of the mouse tbp gene that we expected vive midgestation in severely immune-compromised mothers. Moreover, in immune-competent mothers, to exhibit normal TBP protein expression, but the TBP (Table 2) . Thus, the TBP-⌬N mutation caused lethality with 22% penetrance in tation if they also lack ␤2-microglobulin (␤2m). Our data support the hypothesis that the TBP N terminus is an the heterozygous state and 91% penetrance in the homozygous state between 10.5 and 12.5 days of gestaessential component in a signaling pathway that regution. No additional loss was detected during gestation; lates a placenta-specific ␤2m-dependent process. This, however, there was a 67% loss of the remaining homozyin turn, may be a part of the mechanism that placentas gous animals between 17.5 days of gestation and use to evade a maternal rejection response.
weaning. Surviving homozygous mutant mice of both genders were healthy and fertile; however, they exhibited no inResults creased incidence of rearing homozygous mutant pups ( Figure 1A ). RNase protection Most mutant fetuses died between 10.5 and 12.5 days analyses showed that expression of the tbp ⌬N allele of gestation; however, all systems, organs, tissues, and quantitatively matched that of the wild-type tbp allele cell types appeared to be intact and functioning prior ( Figure 1C ). The first 24 amino acids were retained to to death (Figures 2A and 2B ). The heart was beating, preserve the relative turnover rate of the mutant protein embryonic blood cells appeared normal and were circulating to the most distal small capillaries, and there were (Varshavsky, 1997) such that accumulation of the mutant no signs of hemorrhage. The only apparent defect in protein would match that of wild-type TBP. Western mutant embryos was that they often, but not always, blotting analyses confirmed that steady-state accumuexhibited various degrees of developmental retardation lation of TBP-⌬N protein matched that of wild-type TBP (Figure 2A) . Nevertheless, the embryos appeared normal ( Figure 1D ).
for their "somite-count" stage (Hogan et al., 1994). The chemistry of DNA-dependent RNA polymerization, tions. Results showed no significant correlation beor transcription, has changed little during evolution; tween homozygote survival and maternal history (see however, the enzymatic machinery that catalyzes this Supplemental Data at http://www.cell.com/cgi/content/ process, the basal transcription machinery, shows enorfull/110/1/43/DC1). Only 10 of the 17 pups were from a mous differences ( Figure 3A) . As life forms evolved mother's first litter. In one exceptional case, a heterozygreater complexity, new genes and gene families arose gous mother had four litters, one with a heterozygous to carry out novel tasks. Concomitantly, new regulators mate and three with homozygous mates. Of the 21 pups were required to restrict transcription of these new weaned, two were homozygous mutants-one in her genes to specific situations. We posit that the basal first litter and one in her fourth-and 17 were heterozytranscription machinery coevolved with these target gotes. Based on our calculation of 70% survival of hetgenes and regulators to facilitate appropriate "situationerozygotes in these matings ( , model 2) . The ␤2m-dependent antigen presentation is then detected by an as yet unidentified maternal receptor (light green). In these two models, the regulator (labeled "Reg," in purple) would be a repressor. The molecular interaction disrupted by the TBP-⌬N mutation is indicated by a large red "X." Conversely, in model 3, the regulator may be an activator, and signaling through the TBP N terminus may induce expression of another target gene (labeled "TG," in blue), which attenuates, modifies, or blocks placental ␤2m-dependent antigen presentation. This could occur intracellularly, as depicted, or extracellularly, by masking the ␤2m-dependent antigen from the maternal receptor. Points in the process that are affected by the rescuing mutations are indicated as "␤2m Ϫ/Ϫ ," "scid/scid," and "rag1 Ϫ/Ϫ ."
Survival of tbp
The N Terminus of TBP as a "Covalent TAF" shown to interact directly with transcription factors or mediators, whereas others exhibit enzymatic properties In mammals, TBP functions at the core of the multiprotein factor TFIID for gene expression (Dynlacht et (Hiller et al., 2001 ). The gene encodment of the fetus by causing inefficient nutrient, gas, or ing the one known mammalian TBP family member, waste exchange with the mother or by otherwise failing TRF-2, which is most predominantly expressed in testis, to fully support the developing fetus. has been knocked out in mice and this mutation, too, leads to male sterility (Zhang et al., 2001) that posses this sequence. Six years ago, when we deone might posit that the mutation eliminated a situationsigned and produced these mice, public sequence data specific signaling port that is only required for highly indicated that tetrapod vertebrates contained the TBP specialized regulation pathways. Unlike the others, how-N terminus, but lower metazoans, including insects and ever, the tbp ⌬N mutation is the first to disrupt a ubiquiechinoderms, did not. Therefore, we expected to find a tously expressed component of TFIID.
defect in an "advanced vertebrate-specific characteristic," such as body form, lungs, adaptations for terrestrial Placental Consequences of the tbp ⌬N Mutation life, etc. The placental defect reported here was not Previous reports of mutant mice exhibiting placental expected because the TBP N terminus exists in amdefects can be segregated into those that cause autonophibia, reptiles, and birds, which generally lack placenmous defects in the placenta and those that cause detas. We have recently cloned TBP cDNAs from species fects in how the placenta interacts with the mother. between echinoderms and amphibia, including amphiFor example, null mutations in the transcription factors oxus, lamprey, shark, and bony fish (A.A.B., K. DaughenMash 2, Ets2, or I-mfa, all of which are required for baugh, M.R.C., and E.E.S., unpublished). These sedevelopment or function of placental trophoblasts, lead quences indicate that this region of TBP arose and was to autonomous defects that have been rescued by alterconserved by natural selection for more than three huning the placenta (i.e., providing an alternate source of dred million years before the appearance of placental trophoblast cells), but not by altering the maternal envimammals. Why, then, do our mice die from a placental ronment (Guillemot et In this paper, we present genetic evidence that remov-1998). Conversely, disruption of a complement inhibitor, ing the TBP N terminus disrupts a ␤2m-dependent proCrry, leads to an interaction defect between the placenta cess that the placenta uses to evade a maternal rejection and the maternal immune system that can be rescued response. Evidence of ␤2m-dependent processes, most by rearing the fetus in mothers incapable of mounting notably MHC-I presentation, has been found in nearly a normal complement reaction (Xu et al., 2000) . all vertebrate species, but is absent from other life forms Genetic complementation showed that the defect in (Du Pasquier and Flajnik, 1999). In other experiments, we tbp ⌬N/⌬N placentas was an interaction defect rather than have found that the TBP N terminus may have coevolved an autonomous defect. In this study, genetic rescue of with the MHC system, which suggests that it might serve mutant fetuses was achieved by two completely differas a signaling port for regulating a subset of MHC activient approaches. In the first, genetic alteration of the ties (manuscript in preparation). We propose that the mother, specifically disrupting V(D)J recombination, mammalian placenta "coopted" this port, its regulators, provided a maternal environment that allowed survival of and its target genes to create a genetic mechanism for most mutant fetuses. In the second, second-site genetic attenuating or evading the maternal immune system in modification of the zygotic genome, specifically interferthis very special situation. The data suggest that our ing with their ability to present MHC-I/MHC-I-like antimice die because, in mammals, this placental role is the gens, caused a 6-fold increase in survival in immunefirst vital function of the pathway. We can rear adult competent mothers. 
vations, it was unlikely that germline-genetic properties
The two-celled wild-type embryos were electro-fused to form onedetermined whether mutant placentas were rejected. It is interesting to speculate about this stochastic pla- 
